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III this paper I perform an analysis of the depolariza~ion expected dliring accel-
t=ration from 0.8- 45.0 WV kinetic energy in the Advanced Hadron Facility ( AHI?)

accelerators. Tliis work parallt+ clost’ly the treatment in the LAMPF 11 proposal.l

Tlw dqxdarizatioll lmwhwlis~lls art> taken to he the so-called (i) intrinsic and (ii)
in]jmfert if)l~ resf)t]a;wes. Tlkw rm}lmuces are expected when the spin tune V,p m-

sIImes rertaill vallles, ‘1’lIe spin t IIIIt=I./#P..: G’y wlwre C; is the anomalous magnetic

nlomet~t ( 1.7!)2S for protmls ) aII(l ~ is t lIe ratio of the particle total i$o rest-mass ml-
rrgy. mm intrinsic resollancm m’cllr for z/,p -: m S + vu where m is a positive integer,

,$ iS tilt’ Illii(’llillt’ Sll])C’rl)Fri(J({iCit~! ~lld 1/ ~ is the vertical bet<atron tune. The inlper-

ft’ctioil rnwmtulcm (Jccllr wlIt*lI 1~ ‘s,, IS integral, Th physics and treatn]ent are well

(l{)(’lll llt’lltt’rl. z

I Wrott” ~ l)roKr~l]l t O Cdllat t’ t ]If’ d~l)(dai’i~~tk-)il that 1)( (.t~me for ail adiahat i~ Pn$saffe
Of atl iN’[’t’]tWdtYl killl t ]Irollgll H WS(JllfillW’. ‘Ik Froiswwt-$itora equation3 yields a

sinlple relat im for t Iw rnt io P~/f)t where

(1)

(2)
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where AT and Am are the changm in y ancl V. per turn during acceleration. There
are two ways to avoid depolarization: either one quickly crosses a weak resonance

lc12/n -z .. 1 or slowly crozses a strong resonance 1.s12/a >”>1, in which case the spin

will be totally flipped. The depolarization resonance width c is given by 2

I

J

2W

c(v.p) ‘“ ~; “ <(/?)6 -i’’%ifi, (3)

where ~(d) ib s function of the spin tune, magnet lattice, and the vertical excursion of

the bmm. The form of I?q. (3) is a Fourier mnplitllcie, md C(VSP)will be significant if
{(H) contains frequmciez that coincide with IJW.

In calculating .s for intrinsic rmommces mc mm the v~rtica! size remlting from
hetatron 0t5ciht.iono; similarly tlIevert icid clo~efl-ml~it distortion aricing from magnet

misalignments is Used to evedllate c i11t Iw cmw of tile iniI}erfectioll ~I]anc~,

The data for the t wd AHF acm+rai.ors me given in Table 1. The acmhration
waveform for the booster i~ a sine wave of frequmcy f~ = 42.55 Hz. ‘l%erefore A?

varies dtwing the accekrdion (from t==(l to t=l 1.75x10-3 see) AT = 8.5126x10-4

sin(267.34W ). ‘lh main ring is ralllped up linearly for 50 msec so the main ring

AT 36,745x1O 4 (a mnstallt.).

TIIe tlqmhwizat iwls were ol~l.minml mil]g Eq, ( 1) for both the boater and main ring.
The bomter resldt.R for both tlw illtriimic md ilnperfection resoImnceJJ are shown in Fig.

1, The almism i~ plntted ill lillit~ of IJ.P. ‘1’he ten nolid vrrticm! Iinms rvpresent the
iIllperfm”t iw I rmolmnce~ f[)r m MSIIIM( I rll]s vmt ical magnet llii~alignmmt ●rror uM of

(),2 111111. ‘1’11~ three dashed Iinm reprmmd the rangrs of dcpolarimtion expected fcr the

I~,p - VM,12 t~vM]d G I vu int rin~ic rmolianres, respectively. The ranges correspond to

t.lwflifferelwm ill vertical Imun sim associated wit]) normalized tranmmue ●mittanms

froll] 4.6723.33 Illlli-nlr, This i]itmwd corresponds103- 15 Inm-nm geomd.ric mnittancc

at 79”7 Mt’V; t.llis rmlge qqmoxillmtrp wl~at. we can rwmmsldy expect for aII injection

phanc npact’.

The low mlperperiodicity (s = 2) and Imrgc ●*lergv vnriation in the nmin ring

insure n larEr Illlldm of resonancm: 75 intrinuir and 74 imperfection rewnameu are
roomed dlirillg tIw 50 Imwc nrrdmation pmitnl, ‘l,h shove cnlmilationm wm~ repmted

for the Ilmill ring, Fig. 2 drown tlw P1/ P, plot for tllr illlpmfm-tlil)l~ r~ulmncrm

amllilill~ tlw rlll~ mm FM - 0.2 nlliim I dmw mepurmlvly t Iw rmllt~ fur the 75 intrilmic

rmnnnncm ill ‘1’aldr 2, ‘h remllltm nr~ tal){llated for I}tjth tlw vRIIws ()( mmmliml

t=lilittmlcr tlld wr lInvr mllmiflrrml, III tIlis mnr 1 do ]mt rlltlllmrnt.r thr l’~/l\ vallmm

f(w individld rtwtmILnrrR, ‘Ii) Rlllillmrizv, ( Iw l)(mdrr in Imdml)ly nll right in rrprd tf}
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maintenance of polarization during the 11.7.5 ms aco+rat ion time. ~areful alignment

of compommts and judicious use of harmonic correction dipoles should reduce effects

due to imperfection resonances. ‘TIlm-shifting qttadrupcdes can be used to either speed

up or slow clown passage throllgh intrinsic resonancw. Al! of t.llese techiques have

been proven at tile Brookllaven A( JS a]ld at. Saclay.

‘_Xle nlaill ,lng situation is more severe: tlw ilnperfection resonances do not appear

serious Imt tl]e intrinsic resonances are quite ])ronoullctd ~ indicated in Table 2. I

would say t.llat t l]e only Ilope at ]wesmlt is tl]ro{@l introduction of Sil)erian Snakes in

tlw main-ring long-straight sectimls. Tlwse altmvlat ives are under active consideration

for the ot Iver kaon factory proposals.
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Table 1: Machine Parameters

Parallwt f~r

r

Booster Main Ring———. . . ..—. .. —-...
Energy Ra]~ge 0.797-6.0 6.0-45,0

((k’v)
Sll]wrperi{>fls (S) 6 2

(:irctlnlference (n]) 330,82 1323.32

Vertical ‘1’linr Ilv 4.28 b,45
Relwt itiml Ra.tr (Hz) I 60 3 1/3



Table 2: PJ/ P, I{esttlts for the Mail] Ring

Pf /1), IJlterval

.(),9s

().!W(),W

(),94-().96
(),f)~-().$)~

(),%(;-().!)2

~ (),8($

Number—-.—... .... ___.. .--— —
Ncmllalized Emittal”mo=lalized Emittance

““-T
- 4.67 11]111-mr = 23.33 mm-mr—..——..-..— —

:8 —---m

4 9

1 11

1 6

1 4

0 ....-.l.._-.–—._. --L—_..
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Figure 1: C!alcuhted values of P;/F’i obtained using Equation ( 1) for the AHF’ booster.

The solid lillm rc]]resent tl~e imperfection resonances. The chwhecl lilies represent the

ranges of thr three intrinsic resommcm.
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l~igllre 2: Ilnperfcct.im] Resolmnces In ‘Tile Mmill Ring


